I* 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket NoVApplication No.: 01640445AA 

1/16 



CPU A 

Power 



Work State 

co Software-related 
load transient 



Deeper Sleep 
^State 

S±L_C2 C3 C3 C2jy)_ 



CO 




Figure 1 



Time 



85% 



65% 



Measured Overall Efficiency vs. V b(js at Different Loads 



lo=5A 



8 

V bus( V ) 



(V jn =16V; 1MHz; With Drive Loss) 
lo=18A 



12 



8 



12 



V bus( V ) 

Figure 2 



lo=25A 







90% -, 






90% -| 










85%- 






85%- 










80%- 






80%- 








' — 1 1 1 1 


75%- 


1 1 — ' 


1 1 1 1 


75%- 


1 


1 , 



V, 



bus 



8 
(V) 



12 



95% 
85% H 



§ 75% 1 



65% - 



55% 



1st stage: 370KHz, 2.2uH 
HAT2168+HAT2164 



2nd stage: 1MHz, 150nH 
HAT2168+Si4864 




Two Stage 



♦- • 4 ♦— 

Single Stage 
1MHz, 150nH, HAT2168+HAT2164 



— i 1 1 1 j— 

10 15 20 25 30 
Output Current (A) 

Figure 3 A 



i 

35 



I 

40 



Fixed 

V K =6V 

bus 



i 

45 



50 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

2/16 



2nd stage: 1cj) 
90% 



V. =3V 
bus 




Overall Efficiency 
(W/O Drive Loss) 



Variable Fixed V 



bus 



Fixed V K =6V 
bus 



2nd stage: 3 <f> 



V bus= 6V 



1 1 1 — 

15 20 25 30 
Output Current (A) 

Figure 3B 



35 



40 45 



50 



Global System Power States and Transitions 



Power 
Failure 




BIOS 
Routine 



S2 

I^NK/ Deeper 
Sleeping)/ M S 0 ^P 



cin cpu 

Sleep X" — *y — -\ 



Figure 4 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

3/16 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

4/16 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

5/16 



44f- 


4444.4. . 


. .4.4.4.4.4.4.4.4. 
Mi::::: 




:::::::: 






44444- 






: 

U|« 


..j.. 


.4. 


■44- 
: : 


: : : 
.44-4- 


: : : : : 
.4.4.4.4.I- . 

i i i i i i ■ 


:::::::: 

. .44.4.1.4.4.4.4. 




..{4444444. 


..j., 




.4.4.1.44. 
1 i i i i i 1 






4- 


4., 
uL 




.44. 


'TVt' 


-44-f-4-i" ■ 


*»*44*f-H-4-i-4- 




•jYbusff- 


•j" 




■44-44-i" 






-j- 


•j- 


■-}• 


"\'\" 


•44*4- 
- : j j 


: : : : : 
j j | j j 


■»-44-PW-4-i-4- 
■ j j j j fvi j j 


::::::::: 

fi+rrt-Hi" 


•I- 

-j- 




■44-44-4- 

1 i I S ; i , 






al 


: : i 


"»■<■■ 
-i-L 


444. 


•44-i-4-{-- 


4»44-44-4-pi-4- 


■♦••■4-j-44» 


"!"{"■ 


..j.. 




•44«44-4- 


•■ 




.4.. 


.4.4.4., 


44- 


444- 








.44. 








■■ 




•-j- 


.444.. 


.44. 


44+« 


44444- 


.1444444.4.4. 


..pLl-i-i-i* 

i i^iJi 


..[.j.. 






4444.4- 


- 


- 


,4.. 


; : : 


44 s 


•T!T 

-44 • 4- 


i j j j i - 

.4.4>.j.4>-j- • 




.4..j.<|..pph 








•4-I-4-1-4- 




- 


.4. 


.444.. 


.44. 


4-i-f- 


44.44.. j. . 


4444444.44.- 


_4--i.4-_j_4._5.. 


*4*!" 






x;.rn: 


- 






.444.. 
! • ■ 


■•[•]• 


0 10 


0 15 


>0 1- 


U) 1( 


30 



1.32 
1.3 
1.28 
1.26 
1.24 
1.22 
1.2 
1.18 
1.16 
1.14 



i 4. i. 44- 4 i-4.4- 



. S S i ! i . . 



; j j j j j j j 
♦4"44'f*4«i-4-i- 



.1.4.4.4-1. 4.4.1.4 
4—s — r ' 



0 tj 

4-44« 44-444-4- 5*44^F«r-M*-v4- 
1-j j i I I I L»T i ! I I M ! I t. 



•fj v 




14. 144444. 



! ! i ! ! ! - 



JUmUlLL . 



4.I.4-1- 4- 



nduced Transient 
Response 
(Shows up second) 



jlffi -p-lnduced Transient 
4^m-h Response 

(Shows up first) 

; 1 ; ; ; ; ; ; 1 8 5 1 



«t-i-*"i-*-i-*^-f 



-r-r-r-j" 
: . i i 



t i 1 1 ' . : 1 



100 120 140 

Figure 7 



160 




Figure 8 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

6/16 



c/)"P 

_Q CO 

> i 

<D O 

CO *o 
J= CD 

> U_ 



4- 



o:: 
> 



3= 



5 



CO 



csi 



CXJ CO OOCD eg C\ OO CO ^ 
OO'CSJCSJCSICSJ-T— t— t— 



"2 

> o 
.q-o 

CO <D 
C <D 
40 LL 
^ «*—• 

sS 



4 .. ...... 



of 
> 



CO 



0 



CSI 



^ CSICOOO CO^T CN CNJ OO CD 

y CO " CM CNICNICNJ-T— ^r-T— 



t 



..I. 



-5- 

..J 



O. 



t-7 • 




CO 



o 

CM 



CNI CO COCO ^-CSiCNiCOCO^r 
CO-CMCMCNJCSJ^JT— <f— 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

7/16 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

8/16 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

9/16 




> 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No. /Application No.: 01640445AA 

10/16 



60 
50 
40 
30 
20 
10 
0 

1.34 
1.32 

1.3 
1.28 
1.22 
1.24 
1.26 

1.2 
1.18 
1.16 
1.14 

9 

8 

7 

6 

5 

4' 

3 

2 

1 

0 





















































































































































































































































































































































































































































































































































































■ll 




























































































ll 




























































































IT 


























































































































































































pmttHHHHIH^mHIUHHHIItii 


























j 1 : 


TTTTs 


ii 


LEE 



1PQ 

I I 

I I 



120 



140 



160 





J 










































































































































































: 
















i 




































































-r* 


























































































































































































■< 


■• 








































































































































































































































































































































































































































































































































































































































































































































































I 





















































































































































































































































































































































































































































































































































16(J 



120 



140 



160 























































































































































































































































































































































































































bus 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1pq 120 140 



to *1 



160 



Figure 12 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

11/16 




Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

12/16 




9/ 



■e— > 



¥■ 



o 
O 




CNJ COOOCO-^-CVJCNOO CO^T 




5 
1 



■g 
c 

03 
-Q 



■g 

> 

c 

CO 

-Q 



p 



c 

8 

CD 
CO 

2 
00 



8 

CD 
O) 
CO 

<P 

c 

CN 



r: c\| 



oor^coio^tcocNjT-o 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 



N 
X 



13/16 



m 
o 



s 



CO 

o 



CN 

o 



o o o o 
cd to co 



o o o 

CM t- 




o to o lo o m o 

CO CM CN t- r- 



-K— » 



o 

o 



/ 
/ 



r 



CNJ 



CO 



_ m r- SI r- si 



Is t 



3 

> 



3 



-0- 

> 



CQ 

=5 





/ 






T. 






i 

■\ 






-> 
t 






V 






- > 











LO 

o 



o 



CO 

o 



CNJ 

o 



cm o co co ^ ego 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

14/16 



2Z 



wmm, 

mm®. 



ID 



wmum 

■■■■■I 

!■■■■■ 

mmm 



CO 



wmwm 
imwm 

tmwm 
um%m 



OOCD^CNOOOCD^CNO 



:>° 



CL 



--co 



CNJ 



cnjcooocd^-cncnjoocd^i- C) 



-4— ' 

C 
CD 



N 

X 



\mmmmmmmm\ 



f CO 



z! 



CM 



o o o o o o o 
co 10 ^ CO CN t- 



-> 



Z 



> 
CD 
< 



00 h- CO CO CO CN 



2 



UO 



--CO 



CM 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 













I 


si 

✓ 










I 










t 












_o 


































1" 



























CNJ 



00 



CD 



CM 
CD 



o o o o o o 
m co cm t- 

/ 
/ 

o/ 



Ht— > 



o 
O 



15/16 




OOOCD^-CNiOCOCD^CMO 

CNJ T— T— T— T— T— 

t 



CNJ 



/ 
/ 

CO 



CM 



3 
2 



o 



CO 

a 




UO O LO O LO o 



Title of Invention: Adaptive Bus Voltage 
Positioning for Two-Stage Voltage Regulators 
Inventor's Name: WEI, J. et al. 
Docket No./Application No.: 01640445AA 

16/16 



N 

O 
O 



CM 



00 
CD 



.8 



CD 



o o 



o o o o 

CO CM t- 

I 
/ 



Q. 



CM 



00 
CD 



CO 
CD 



H-cd 



CM 
CD 



CM 0000 CD ^CMCMCO CD 
CO CO ^CM CM <N CM^ t- t- x- 



rCM 





Is t. 


— le- 










-t> 






> 






ooocd^cmooocd^-cno 



CO 

JQ 
> 



Q_ 
> 
CD 
< 



v8 



CM 



CO 
CD 



a 



CM 



CDoor^cDLO^r cocm 



o 



